Objective To examine the association between food insecurity and body mass index (BMI) from early adolescence to adulthood.
O
wing to the influence of economic factors on nutritional practices, food insecurity is defined as living in a household that does not have the financial means to access sufficient food to sustain active, healthy living for all members. 1 In the US, 16% of adolescents live in a household with food insecurity, and twice as many youths in families with an income <185% of the poverty threshold suffer from food insecurity (32%) compared with youths from families with an income above the poverty threshold. 2 Inadequate amounts of food have multiple implications for biopsychosocial functioning in children and adults. [3] [4] [5] [6] [7] Growing up in a household with food insecurity has been linked to obesity or a higher body mass index (BMI), but not consistently. Within this often inconsistent literature, some studies have found a positive association between food insecurity and overweight or obesity. 8, 9 Interestingly, some studies have shown a higher BMI in food insecure women compared with food secure women, but not the same effect in men. 10, 11 Other studies have found a positive, 12 an inverse, 13 or no relationship 14, 15 between BMI and food insecurity. The studies finding no relationship are consistent with a broader literature showing no association between food insecurity and nutritional outcomes. 16 Much of this work was cross-sectional, and studies have yet to explore whether food insecurity during adolescence leads to obesity or increases in BMI into adulthood. 17, 18 In the present study, we examined the association between food insecurity and BMI from early adolescence to adulthood. In addition, we extend previous literature with the current cohort and food insecurity by providing a more sophisticated analysis of the relationships between food insecurity and BMI from adolescence into adulthood. Differences in these associations by sex were examined, with an expectation that food insecurity may have a greater impact on females' BMI than on males' BMI. [19] [20] [21] [22] Three research questions were addressed: (1) 
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a longitudinal association between food insecurity and BMI?; (2) what is the direction of this longitudinal association?; and (3) are there sex differences in this association?
Methods
Data were drawn from the Family Transitions Project, a longitudinal study of 559 youth and their families. The Family Transitions Project represents an extension of 2 earlier studies: The Iowa Youth and Families Project (IYFP) and the Iowa Single Parent Project (ISPP). In the IYFP, data from families of origin (n = 451) were collected annually between 1989 and 1992. Participants in each family included the adolescent, the parent(s), and a sibling within 4 years of age of the adolescent. These families were originally recruited for a study of family economic stress in the rural Midwest. When interviewed in 1989, the adolescents were in seventh grade (mean age, 12.7 years). Families were recruited from schools in 8 rural counties. Owing to the rural nature of the sample, there were few minority families (approximately 1%); therefore, all participants were white. Seventy-eight percent of eligible families agreed to participate in the study. Families were primarily lower-middle or middle class, with 34% residing on farms, 12% living in nonfarm rural areas, and 54% living in towns with fewer than 6500 residents. In 1989, the parents averaged 13 years of schooling and had a median family income of $33 700. The fathers' average age was 40 years, and the mothers' average age was 38 years.
The ISPP was initiated in 1991 when the adolescents were in ninth grade (mean age, 14.8 years), the same year of school as the IYFP youth. Participants included the adolescents, their single-parent mothers, and a sibling (n = 108). Families were headed by a mother who had experienced divorce within 2 years before the start of the study. Participants were white, primarily lower-middle or middle class, single-parent families that lived in the same general geographic area as the IYFP families. In 1994, families from the ISPP were combined with families from the IYFP to create the Family Transitions Project. Measures and procedures for the IYFP and ISPP studies were identical. At that time, adolescents from both studies were in the 12th grade. In 1994, youth participated in the study with their parents as they had during their earlier years of adolescence. Beginning in 1995, the adolescents (1 year after completion of high school) participated in the study with a romantic partner. In 1997, the study was expanded to include the first-born children of the adolescents, now young adults.
The present study includes all youths (n = 559) who participated from middle adolescence through middle adulthood. Among these 559 adolescents, 451 came from 2-parent households. The data were collected at 10 developmental time points Family members participated in annual interviews that included a range of measures, including self-reports of individual behaviors and family functioning. Parents reported on their household food insecurity until the adolescent was aged 18 years; adolescents then reported on their own household food insecurity through adulthood. Adolescents reported on their height and weight, which were converted into BMI. Maternal and paternal BMI and education level, family income, and nutritional practices assessed when the adolescent was 15 years of age served as controls.
Throughout the youths' adolescence (1991-1994), all families of origin were visited in their homes each year by a trained interviewer. Visits lasted approximately 2 hours, and financial incentives were provided for participation. From 1995 through 2007, each young adult, his or her romantic partner, and their first-born child were visited in their home each year by a trained interviewer. During the visit, the adult and romantic partner completed various questionnaires, some of which included measures of health and individual characteristics.
BMI was calculated using self-reported height and weight from adolescence through middle adulthood (1991-2007), using the standard Centers for Disease Control and Prevention formula. 23 Food insecurity was assessed through parental reports when the adolescent was aged 15-18 years (1991-1994) . From age 19 to 31 years (1995-2007), food insecurity was assessed based on young adult's self-report. This measure consisted of 2 items 19 that align with the 18-item Core Food Security Module used by the US Department of Agriculture to calculate official food insecurity rates in the US. 24 These items have similar response patterns in multiple datasets, including the 2004 Current Population Survey. 15 The first question asked whether the respondent had enough money to afford the food he or she should have (1, strongly agree to 5, strongly disagree). This item was recoded to either 1 (yes, more food insecure; answered 4 or 5) or 0 (no, less food insecure; answered 1, 2, or 3). The second question asked whether the respondent had changed food shopping or eating habits to save money, with a response of either yes (1) or no (0). Responses to the items were averaged together to create a total food insecurity score that ranged from 0 (no food insecurity) to 2 (high food insecurity). During adolescence, the mother's and father's responses to the foregoing 2 questions were averaged to create a family food insecurity score that ranged from 0 (no food insecurity) to 2 (food insecurity). Young adults' (age 19-31 years) self-report of these 2 items were used to calculate the family food insecurity score.
Adolescent sex was coded as 0 (female) or 1 (male). Adolescents reported how often they ate 3 balanced meals per day at age 16 years old (1992). Responses ranged from 1 (always) to 5 (never). Responses were coded to reflect a high level of nutrition. Adolescents reported how often they got physical exercise at school, on the job, or in a recreational activity at age 16 years (1992). Responses ranged from 1 (regularly) to 4 (never). Responses were coded to reflect a high level of physical exercise. Total annual household income in the past 12 months (1991 dollars) was divided by the number of people in the household to represent the financial resources available for each member of the family. Mothers and fathers reported their highest level of education completed in 1991, which THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 202 • November 2018 ranged from ninth grade to a master's degree and above. Mothers' and fathers' BMI was assessed through self-report in 1991 when the adolescents' were 15 years old. BMI was calculated using the standard Centers for Disease Control and Prevention formula.
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Statistical Analyses
Data were analyzed using Mplus version 7 (Muthén & Muthén, Los Angeles, California) with full information maximum likelihood estimation to handle missing data. It should be noted that these models treated time of assessment as a random variable, as reflected by the actual date of the interview; the time of the adolescent's interview at age 15 was set at 0, and the time of the other assessments reflected the difference in years from the age 15 interview. Because Mplus does not provide standardized results for growth curve models, the values were calculated by hand. A significance value of 0.05 was used in the analysis of study results. All covariates were included in the models, and a brief summary is presented below. To ensure that the results were not affected by different scoring of BMI, sensitivity analyses were conducted for BMI in subjects age <18 years and those age >18 years; results were similar across the 2 analyses.
Results
Descriptive statistics for all study constructs are provided in Tables I and II. General trend analyses for the sample as a whole indicate an increase in BMI with age but a decrease in food insecurity over time. Results from the 16-year prospective growth curve analyses are presented by each research question below.
As shown in Figure 1 (available at www.jpeds.com), we hypothesized that food insecurity would predict changes in BMI over time, and the random time structural equation model fit the data well (Bayesian Information Criteria [BIC], 43 396.45; n = 559). We calculated the correlations and covariance among the initial BMI and food insecurity score (intercept) and changes in BMI and food insecurity over time (slope). The initial level of food insecurity positively predicted the change in BMI across waves (b = 0.21; P < .05), indicating that adolescents with a higher food insecurity at age 15 years had faster increases in BMI over time. The initial level of BMI failed to predict changes in BMI (b = -0.11; P > .05), indicating that adolescents' initial BMI is an independent entity in relation to their rate of change in BMI over time. Changes in food insecurity over time strongly predicted changes in BMI over time (b = 0.29; P < .05), indicating that individuals with a faster increase in food insecurity over time also had a faster increase in BMI across waves. In addition, the initial food insecurity score was related to changes in food insecurity score across waves (b = -0.63; P < .001), meaning that individuals with a higher food insecurity score at age 15 years showed a slower increase in food insecurity across waves. There was no significant relationship between the initial food insecurity score and BMI (b = .00; P > .10).
Even though we hypothesized that food insecurity would predict changes in BMI over time, we were interested in the direction of the relationship, including reciprocity, between food insecurity and BMI. Assessing the direction of relationship was critical to our understanding of whether food insecurity predicted BMI or BMI predicted food insecurity. We tested 2 models to address this research question. Both were timelagged models, with the first using food insecurity to predict subsequent BMI and the second using BMI to predict subsequent food insecurity.
Our original hypothesis was that food insecurity would predict the subsequent BMI at the next wave of assessment. For this lagged analysis, food insecurity was from age 15 to 29 years, whereas BMI was from age 16 to 31 years. The food insecurity lagged prediction model showed a reasonable fit to the data (BIC = 40 775.88; n = 559). The initial level of food insecurity at age 15 years predicted changes in BMI across waves (b = 0.25; P < .01), indicating that adolescents from families with a higher food insecurity score at age 15 years had faster increases in BMI from age 16 to 31 years. Changes in food insecurity across waves also significantly predicted changes in BMI across waves (b = 0.23; P < .05), indicating that adolescents with a faster increase in food insecurity score from age 15 to 29 years were more likely to show a faster increase in BMI from age 16 to 31 years.
We next examined whether BMI would predict subsequent food insecurity in the next wave of assessment. Food November 2018
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insecurity lagged by 1 wave relative to BMI, with food insecurity assessment from age 16 to 31 and BMI assessment from age 15 to 29 years. The BMI lagged prediction model showed a reasonable fit to the data (BIC = 40 668.60; n = 559). The initial BMI failed to predict the change in BMI (b = -0.01), meaning that initial BMI is not related to the rate of change in BMI from age 16 to 31 years. Change in BMI across also did not significantly predict changes in food insecurity across waves (b = 0.11), indicating that the rate of increase in BMI from age 15 to 29 was unrelated to the rate of increase in food insecurity from age 16 to 31. Because we know that BMI is strongly related to sex, [20] [21] [22] [23] we ran models separately for females and males. Coefficients for both models are shown in Figure 2 . The model for females (n = 293) showed a reasonable fit to the data (BIC = 25 021.68). The initial food insecurity score predicted the change in BMI across waves in a positive direction (b = 0.26; P < .001), indicating that females with higher food insecurity at age 15 years had faster increases in BMI. The initial BMI failed to predict change in BMI across waves, however. Changes in food insecurity across waves strongly predicted changes in BMI over time (b = 0.38; P < .001), indicating that females with a faster increase in food insecurity across waves also had a faster increase in BMI. In addition, the initial level of food insecurity was related to changes in food insecurity score across waves (b = -0.64; P < .001), indicating that females from families with a higher food insecurity at age 15 years had a slower increase in food insecurity over time. Finally, there was a nonsignificant association between the initial levels of food insecurity and BMI.
The structural equation model for males (n = 263) showed a reasonable fit to the data (BIC = 19 816.48). The initial food insecurity score did not predict changes in BMI across waves (b = 0.04; P > .10). The initial level of BMI predicted changes in BMI across waves (b = -0.24; P < .001), indicating that males with higher BMI at age 15 years had a slower rate of change in BMI across waves. Changes in food insecurity across time failed to predict changes in BMI across waves (b = -.06, P > .1). However, the initial food insecurity score was related to changes in food insecurity across waves (b = -0.62; P < .001), indicating that males from families with a higher food insecurity score at age 15 years had a slower increase in food insecurity over time. As in females, there was a nonsignificant correlation between the initial levels of food insecurity and BMI.
In general, across all of the models, maternal BMI was positively associated with changes in BMI over time, and adolescent nutrition practices, adolescent exercise practices, family of origin per capita income, maternal and paternal education, and paternal BMI were not consistently related to changes in BMI over time.
Discussion
In this study, we found a general increase in BMI with age and a decrease in food insecurity score over time. There was a negative association between initial BMI and the linear change in BMI from age 15 to 31 years. Similarly, initial food insecurity score was negatively related to the change in food insecurity score over time. As expected, a higher food insecurity score at age 15 years was associated with a faster rate of increase in BMI over the subsequent 16 years. Finally, a positive relationship was found between the changes in food insecurity and BMI over time in females, but not in males. 
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Overall, these findings extend previous research on understanding the associations between food insecurity and BMI over time. We extended previous research by completing a more rigorous test of the association between food insecurity and BMI using prospective data over a 16-year period by measuring food insecurity across 10 data points from early adolescence into adulthood and analyzing the data with a prospective growth curve model. Thus, we were able to test not only the longitudinal relationships between these constructs, but also the direction of these relationships.
It is important to examine why food insecurity may influence BMI trajectories in females but not in males. Some have suggested that this may be the result of environmental conditions or differential perceptions and behaviors surrounding food insecurity. For example, research has shown that women may be more likely to report food insecurity than men in adulthood, and many women who report food insecurity are the heads of households with children. 25 However, in the present study, food insecurity was calculated from both the mother's and father's reports during adolescence and selfreports in young adulthood; in addition, it represents food insecurity across 10 different time points over 16 years. This provides a more accurate picture of long-term food insecurity compared with measuring food insecurity at a single point in time. Future research should assess how food insecurity varies over time for individuals and how different patterns of food insecurity (eg, stable, increasing, decreasing) may influence BMI trajectories from adolescence (ie, family of origin household food insecurity) into adulthood (ie, family of procreation household food insecurity). Research also should explore factors that may influence patterns of food insecurity over time, such as moving out of the family of origin household, graduation from high school or college, transition into full-time employment as a young adult, marriage, and parenthood. Beyond these key environmental and developmental transitions, basic biological differences between females and males may also help explain our results by sex.
Ultimately, our results suggest that experiencing food insecurity during early adolescence impacts an adolescent's rate of change in BMI into adulthood, particularly in females. Specifically pertaining to research question 2, these results do not support a reciprocal association, as our assertion that food insecurity leads to increases in BMI over time is supported. Policy makers, health professionals, and researchers must consider the long-term impact that experiencing food insecurity during the important developmental period of early adolescence can have on weight gain throughout adulthood when creating intervention and prevention programs aimed at reducing the prevalence of obesity and food insecurity in the US.
This study has several limitations that should be addressed. First, BMI was calculated from adolescents' self-reported height and weight, with different calculations based on age. This should not have significantly biased the results, however, as individuals who are obese tend to overestimate their height, particularly at older ages, and understate their weight, particularly in young women. 26, 27 In summary, BMI scores that are adjusted for sociodemographic characteristics tend to narrow, but are nonetheless underreported. 27 In addition, to ensure that our results were not affected by the method of BMI calculation, sensitivity analyses were conducted for BMI at age <18 years and at age >18 years; the results were similar across the 2 analyses.
Second, we do not have the full set of the US Department of Agriculture's food insecurity questions to evaluate varying degrees of food insecurity. Nonetheless, the 2 items that we used have been found to have consistent predictive validity. 20 Third, these data could be considered dated, and although food insecurity was not measured by the US Census Bureau until 1995, 28 food insecurity and BMI rates were similar in the US population during the study period. Between 1980 and 2000, the prevalence of obesity increased in both adult men and adult women, whereas between 2005 and 2014, the prevalence of overall obesity and extreme obesity increased in women but not in men. 2, 29 The prevalence of obesity has steadily increased in adolescents aged 12-19 years since 1965. 29 In addition, in 1990, no US state had an obesity prevalence of ≥15%, but by 2010, 36 states had a prevalence of ≥25%, including Iowa. 30 At least 20% of adults in Iowa were obese in 2000, increasing to 25%-29% by 2007. 30 Finally, the sample was limited in terms of ethnic and racial diversity, as well as geographic location. Future research using more diverse samples is needed. However, models of economic stress with this sample have been extended to other studies using diverse ethnic samples. 31 These results argue for the importance of preventive measures, such as increasing access to food during key developmental periods such as early adolescence. Addressing food insecurity during this key developmental period of rapid growth and change during puberty could help reduce the long-term implications for health, particularly BMI in girls. ■ Standardized b coefficients are reported. *P < .05; ***P < .001.
